A historical relationship between home prices and family income is examined based on more than 40 years of data. A new home affordability ratio based on the average home price, family income and mortgage rates is analyzed in the historical context. This indicator is used to gauge the current state of the residential housing market in the United States. Historical data points to an imminent but slow recovery in the housing market over the next few years.
Two years after the Great Recession officially ended, the state of the US housing market remains an area of significant concern and continues to attract a lot of attention from academics and practitioners. In a recent article Mizuno and Tabner (2011) discuss housing price trends in the residential markets of the US, UK and Japan using the Hosing Price Index (HPI) deflated by gross domestic product (GDP) per capita as a measure of home affordability. Beracha and Hirschey (2009) examine the trend in housing affordability in the United States based on the Hosing Price Index (HPI) and average income per capita. While the authors present compelling arguments for the use of the aforementioned indicators, it is important to note that the indices in question are not free from limitations.
First, HPI data is available only from 1975 onward. Second, it covers only those sales and refinancings that have been purchased or securitized by Fannie Mae (Federal National Mortgage Association) or Freddie Mac (Federal Home Loan Mortgage Corporation). Third, even though per capita income and per capita GDP are valid proxies for housing affordability, family income (DeNavasWalt, C., Proctor, B. and Smith, J. (2011) ) reflects the purchasing power more accurately when it comes to securing a mortgage. Finally, it is easier to reduce the number of possible price outliers by using the median, rather than average values 1 .
A popular alternative is the S&P/Case-Shiller Home Price Index, a widely followed benchmark of residential real estate prices in the United States based on repeat sales of existing homes. Data is available since 1987 (see, e.g., Standard and Poor's (2011) ) and is not inflation-adjusted. Another publicly available index is published annually by the U.S. Census Bureau and reflects nationwide prices of new homes dating back to 1963. This index covers a longer historical period and is less volatile than its two other counterparts; in addition, it includes sales financed through sources other than Fannie Mae and Freddie Mac.
Despite those differences, as can be seen from Fig. 1 2 , qualitatively all three indices reflect the same developments in the U.S. housing market over the last 20 years 3 . 2   1987  1988  1989  1990  1991  1992  1993  1994  1995  1996  1997  1998  1999  2000  2001  2002  2003  2004  2005  2006  2007  2008 For the purpose of this paper, the New Home Price (NHP) index is the most representative measure. It illustrates the evolution of the U.S. residential real estate market valuations and reflects the sector of this market that arguably has the most impact on other industries, especially construction.
Comparison of New
In Fig. 1 , all three indices are normalized to their 1987 values (set to 1) and adjusted for inflation using the CPI-U-RS as the consumer price index 1.75 1.95 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 per capita income grew faster than family income, which may be explained by an overall reduction in family size 5 . While both indices exhibit the same qualitative behavior 6 , median family income (DeNavas-Walt, C., Proctor, B. and Smith, J. (2011)) is more relevant to the issue of housing affordability and is less volatile.
Using the family income, NHP and mortgage rate, an affordability ratio ( Chertok (2009) ) can be constructed to gauge the state of the housing market 7 . Historical data for this ratio suggests that, while housing affordability improved dramatically since 2005 indicating a possible bottom in residential real estate, recovery in this market over the next several years is likely to occur at a gradual pace.
Historical average affordability of a new home in the U.S.
During the period from 1963 to 2010 median new home prices in the US grew at an average rate of 2.25% per year while median household income grew at an average rate of 0.58% per year adjusted for inflation; the corresponding statistics is presented in Table 1 . Fig. 4 depicts the growth rates of median new home prices and median household income. Consistent with conventional 5 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 back into positive territory in 2010. A substantial correction in the residential real estate market appears to have passed through its most dramatic stage by 2010. The latest available annual data is historically consistent with continuing economic expansion during which home price growth rate should return to a historically more sustainable level relative to family income. The third important ingredient in the housing affordability mix, besides prices and income, is the availability of financing, i.e., the average mortgage rate 8 . The rise (and fall) of mortgage securitization played a crucial role in improving the accessibility of credit for the average American family. Increased liquidity, thanks to wider availability of credit through securitization, has been instrumental in keeping mortgage rates low. From their heights in 1982, mortgage rates have steadily trended down in the last 28 years helping make the American Dream a reality for the majority of the population (see Fig. 5 ). Based on the above-mentioned three factors, an affordability ratio α can be constructed as follows 9 : 
where:
p a -affordable monthly payment based on income, p r -required monthly payment based on mortgage amount, tenor and mortgage rate (see, e.g., Fabozzi (2005) ), I -annual family income, H -home purchase price, r m -mortgage rate.
The preceding equations assumed a conventional 30-year fixed-rate mortgage with monthly advance payments of interest and no principal curtailment, a conservative underwriting ratio of principal and interest to total before-tax income of 0.28 and a down payment of 20%. The effects of property taxes and utility costs are omitted for the ease of exposition.
As can be seen from Fig. 6 , in 2010 historical housing affordability reached levels not seen since 1973, thanks to rapidly falling home prices and mortgage rates at their historical lows. One could reasonably conclude that, as home 1.40 1.60 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 affordability continues to climb, the housing market will improve. It is not obvious, however, whether this improvement will be partially offset by declining family incomes and rising mortgage rates, should inflation spawned by government spending become a reality. Factor sensitivity of home affordability is discussed in the next section.
What matters more: price, income or mortgage rates?
As follows from (1) - (3), home affordability is linearly dependent on the family income. It is also inversely proportional to the home price since the required monthly payment is a fraction of the total home price. As a first approximation, affordability is inversely proportional to the mortgage rate. The sensitivities of home affordability are computed below:
Of most interest to us are the sensitivities of the affordability ratio to relative changes in home prices , income and mortgage rates. Computing the elasticities of home affordability with respect to these parameters, we obtain: 
As follows from (7) - (9) the elasticity of the affordability ratio with respect to income by absolute value is exactly the same as its sensitivity to the housing price. At the end of 2010, the average conventional 30-year fixed mortgage rate was 4.69%. Substituting this into (9), we obtain ∂α ∂rm α rm
In relative terms, home price and income currently have more influence on home affordability than mortgage rates. This gap has been widening for the last 30 years ever since the mortgage rates reached their peak as can be seen in Fig.  7 . As expected, the absolute value of elasticity of the affordability ratio with respect to the mortgage rate in 2010 was at a historical low since the mortgage rate itself was at a historical low. An expected rise in mortgage rates, however, would lead to an increase in the corresponding elasticity of the affordability ratio (although this elasticity will not reach 1 unless mortgage rates exceed their levels of early 1980s). 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 Another important consideration is the relative probability of a significant relative change in the underlying variables behind the elasticity ratio. As can be seen from Fig. 8 , in the past 35 years year-over-year relative rates of change of the mortgage rate were substantially higher than those of the median home price and family income. As evident from Table 2 10 , the rate of change of the mortgage rate exhibits more than double the volatility of the rate of change of home prices and almost five times the volatility of the rate of change of family income. Table 3 indicates that a 20.8% increase in the mortgage rates (amounting to 98 b.p. at the 2010 level) would cause the affordability ratio to decrease by approximately 10.4%. At the same time, a 9.8% decrease in the real home price, which historically is almost equally as likely, would cause the affordability ratio to increase by 10.9%. A similarly historically likely 4.3% increase in the real family income would raise the affordability ratio by only 4.3%. From the probabilistic point of view, the change in mortgage rates has almost the same effect on the affordability ratio as the change in home prices. 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 
What lies ahead?
Judging from historical data, three base scenarios can be realized with differing degrees of likelihood. The still water scenario reflects flat housing prices, low income growth and a small increase in mortgage rates. The full steam ahead scenario corresponds to a substantial uptick in housing prices, moderate income growth and lower mortgage rates. The doom-and-gloom scenario is a combina- tion of falling housing prices and family incomes exacerbated by rising mortgage rates. The resulting affordability ratios are presented in Table 4 . The still wa- ter scenario results in a modest decline in the affordability ratio, the full steam ahead scenario leads to a substantial increase in the affordability ratio, and the doom-and-gloom scenario leads to a substantial decrease in the affordability ratio. Historical data presented in Fig. 9 points to the first scenario as the most likely one to be realized. A local peak in the rate of growth of the affordability ratio tends to lead (or coincide with) a local peak in the rate of growth of housing prices. By historical standards, a substantial further increase in the affordability ratio appears unlikely. If this pattern were to hold, housing prices could be expected to increase within the next two years but would subsequently grow at a slower rate. An increase in mortgage rates spawned by an uptick in inflation and a decline in family income caused by an economic downturn could hamper the recovery in the housing market even further.
Conclusion
An unprecedented recent drop in home prices has increased the affordability of the average house for the average family in the US as measured by the affordability ratio to historically high levels. This increase can be reasonably expected to increase demand and, as a result, lead to higher home prices. Historical data implies that such an increase may be gradual with a possibility of it being hampered by rising mortgage rates and falling incomes. Since historically housing prices tend to "overreact" to market dislocations, it may take several years for the market to return to sustained growth.
